Miniceils of Escherichia coli DS410 synthesized guanosine-5'-diphosphate-3'-diphosphate and guanosine-5'-triphosphate-3'-diphosphate when synthesizing proteins in response to phage T7 infection. The guanosine-5'-diphosphate-3'-diphosphate synthesis was found to be relA+ dependent and inhibited by chloramphenicol.
Minicells are routinely used to determine the polypeptides encoded by plasmids or bacteriophages (6, 14) . Minicells containing plasmid or phage DNA are incubated in the presence of a radioactive precursor (14C-labeled amino acids,
[35S]methionine) and, as minicells are void of chromosomal DNA, only virus-or plasmid-encoded polypeptides are synthesized. These products are radioactively labeled and can therefore be readily identified. Since the advent of techniques to construct recombinant DNA molecules which, themselves, are mostly derivatives of plasmid or phage DNA molecules, the use of minicells as a convenient tool for analysis of gene expression has become extremely widespread. Our studies using phage infection of minicells have indicated that minicells do indeed provide a potent tool in identifying gene products, but we have also observed that the regulation of viral gene expression in minicells may not be the same as that which occurs in infected nucleated cells (4, 7) . In addition, the overall rate of protein synthesis and the rate of progression through the regulatory events in phage development are much reduced in minicells (12) . Several reports have also shown that abnormal forms of plasmid gene products are found in plasmid-containing minicells (6, 13) . It is apparent, therefore, that gene expression in minicells may not be the same as that which occurs in nucleated cells, and we have begun an analysis of the regulation of protein biosynthesis in minicells.
A major regulatory function of Escherichia coli is the strigent-relaxed response (3). The compounds guanosine -5' -diphosphate -3'-diphosphate (ppGpp) and guanosine-5'-triphosphate-3'-diphosphate (pppGpp) accumulate when any amino-acyl-tRNA species becomes limiting for protein synthesis. The presence of these unusual nucleotides radically alters gene expression, causing stimulation of the synthesis of some proteins and inhibition of the synthesis of other proteins (3, 9) . It has previously been reported that ppGpp and pppGpp are not found in DNA-less minicells; however, analyses were not made of protein-synthesizing minicells (5) . Figure 1 shows the chromatographic separation of 32P-labeled nucleotides synthesized in uninfected and in phage T7-infected minicells. It is clear that the infected minicells synthesized ppGpp and pppGpp. Synthesis of ppGpp could be inhibited by adding chloramphenicol before phage infection, indicating that the synthesis of ppGpp was a ramification of demanding protein synthesis in minicells (Table 1) . Kinetic studies showed that the intracellular concentration of ppGpp increased for ca. 15 min after infection. The steady-state concentration of ppGpp then remained constant for 8 to 10 h, although pulsechase experiments demonstrated that both synthesis and degradation of ppGpp was taking place (results not shown). Synthesis of ppGpp as a consequence of accumulation of uncharged tRNA depends on an enzyme, stringent factor, encoded by the relA gene (1, 2). We constructed a relA derivative of the E. coli DS410 minicellproducing strain (14) , and phage infection of minicells from this strain did not induce ppGpp and pppGpp synthesis (Table 1 ). It appears therefore that protein synthesis in minicells results in the accumulation of uncharged tRNA. The rate of amino acylation of tRNA could be limited by either the availability of the appropriate amino acid or by limited amounts of amino acyl tRNA synthetase(s). To increase the availability of amino acids, we repeated the experiment reported in Fig. 1 
